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 A total of seven maize inbred lines of different origin and maturity group were used in 
the trial set up according to the split-plot randomized complete block design in five 
environments. Each inbred was observed in five variants: original inbred (N); cytoplasmic 
male sterile C-type (CMS-C); restorer for CMS-C (RfC); cytoplasmic male sterile S-type 
(CMS-S) and restorer for CMS-S (RfS). The objective was to compare grain yield of 
original inbreds and their CMS and Rf variants and to apply Isoelectric focusing (IEF) to 
determine whether the conversion of original inbreds to their CMS and Rf counterparts 
have been done completely. Protein markers have shown that conversion of almost all 
inbreds was done good and completely. Only original inbreds ZPL2 and ZPL5 did not 
concur on banding patterns with their RfC variants. The type of cytoplasm had a very 
significant impact on grain yield. Namely, CMS-C counterparts significantly out yielded 
their CMS-S versions, while the inbreds with C and S cytoplasm over yielded inbreds 
with N cytoplasm, as well as their RfC and RfS versions.  
Keywords: banding patterns, grain yield, isoelectric focusing (IEF), male 
sterility 
 
INTRODUCTION 
Maize is one of the most important crops worldwide. It was domesticated in Central America 
approximately 7700 years ago. It represents a plant species that is evolutionarily most developed in 
the entire plant kingdom. The revolution in maize production began with the discovery of heterosis 
and cultivation of the hybrids in USA during the 1930s (DUVICK, 2005). Detasseling of pollen-
producing flowers (tassels) on seed-bearing plants in the process of hybrid maize seed production 
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is a very large-scale operation. Because of that, not only in maize but also in many important field 
crops, the cytoplasmic male sterility (CMS) trait is used exclusively to produce commercial hybrid 
seeds (KAESER et al., 2003). Nowadays, production of maize hybrid seed in some parts of the 
world is increasingly based on using CMS in order to reduce costs of detasseling (STEVANOVIC et 
al., 2013). CMS is defined as a form of male sterility induced by the complementary action of 
nuclear and cytoplasmic genes (WEIDER et al., 2009). Specific mutations in mitochondrial DNA 
(maternally inherited) are responsible for a dysfunction in the respiratory metabolism that can lead 
to deleterious phenotypes (CILIER et al., 2004; CHASE, 2007), resulting in the abnormal production 
of male gametes (BUDAR et al., 2003). Therefore, plants either produce no pollen or pollen that is 
not viable. The majority of studies (STAMP et al., 2000; WEINGARTNER et al., 2002; KAESER et al., 
2003) showed a positive effect of CMS on maize grain yield, especially under unfavourable 
drought conditions (BRUCE et al., 1966). In these cases less nutrients and water are consumed 
because plants do not form pollen, so instead assimilates are used for the grain filling. 
 There are three types of CMS known so far in maize (LUO et al., 2002; SHUANGGUI et al., 
2006):  
1. CMS-T 
2. CMS-C 
3. CMS-S 
 The C and S type are used in commercial production in Serbia. CMS-T type is not used 
due to its specific susceptibility to the fungus Helminthosporium maydis race T that caused 
epiphytotic disease in USA during the 1970s (DUVICK, 1972).  
 In order to make comparisons of the types of CMS it is necessary to know whether maize 
inbred lines have been converted to CMS well and completely. There are a few genetic and 
molecular methods for checking the process of conversion. PCR assay for discrimination of sterile 
cytoplasm types in maize is one of them (LIU et al., 2002; IGNJATOVIC-MICIC et al., 2006; 
VANCETOVIC et al., 2010). Isoelectric focusing (IEF) is one of the methods that imply the analysis 
of proteins in seeds. The application of this method provides determination of genetic purity of 
maize genotypes based on the electrophoretic separation of alcohol or water-soluble proteins 
(zeins and albumins, respectively). The IEF method is based on proteins trait that they are stable 
once they reach their isoelectric point (WESTERMEIER, 2001).  
The objective of this study was to compare grain yields of original inbred lines and their 
CMS and restorer (Rf) variants. Furthermore, the idea was to apply IEF to determine whether the 
conversion of original inbreds to their CMS and Rf counterparts has been done completely.  
 
MATERIAL AND METHODS  
Seven maize inbred lines (designated ZPL1, ZPL2, ZPL3, ZPL4, ZPL5, ZPL6 and ZPL7) 
of different origin (Lancaster, BSSS and Iodent) and different maturity group (FAO 300-500) were 
used in the trial. All original inbreds have been developed at the Maize Research Institute Zemun 
Polje. Each inbred was observed in five variants: original inbred (N), CMS-C, RfC, CMS-S and 
RfS. Cytoplasmic male sterile and restorer versions have been developed at the Maize Research 
Institute Zemun Polje converting the inbreds with normal cytoplasm.  
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The trial, set up according to the randomised split-plot block design, was carried out in 
three locations in Serbia during two years (2010 and 2011). One location in 2011 was rejected due 
to a poor crop stand. The three-replication trail was set up in five blocks. Each block represented 
one type of the studied lines:  
I block – N (normal) cytoplasm, i.e. original inbreds  
II block – CMS-C inbreds 
III block – RfC inbreds  
IV block – CMS-S inbreds and 
V block – RfS inbreds 
Plots within each replication were composed of four rows. Two border rows represented 
the original inbreds in all five blocks, which was especially important in the CMS blocks, since N 
inbreds served as pollinators for their sterile counterparts. Plants from two inner rows (avoiding 
the effect of border hills) were used for the estimation of grain yield. Between spacing was 0.70 m, 
the elementary plot size amounted to 7.28 m2, while crop density was 71.429 plants ha-1. The yield 
was calculated in tones per hectare (t/ha) at grain moisture content of 14%. 
 Least significant difference (LSD) test was used to compare grain yield of original and converted 
inbreds at 0.05 and 0.01 levels of significance. The MSTAT-C software package (MSTAT 
Development Team 1989) was used for performing LSD test. Furthermore, t-tests for grain yield 
among different variants of the same inbred were performed.  
Biochemical characterisation of the original and converted inbred lines was done by the 
application of ultra thin-layer isoelectric focusing (UTLIEF) of the storage proteins from maize 
seeds (ISTA, 1999). UTLIEF is an efficient method for both analysing a genetic structure of the 
germplasm, as well as verification of the maize genotypes. 
 
RESULTS 
Of essential importance in hybrid maize seed production based on CMS is that inbreds 
are completely converted to their CMS and Rf counterparts. Seven protein marker bands, 
characteristic for each of the observed original maize inbred, were identified analysing the protein 
profiles by the UTLIEF method. Protein marker bands were selected in accordance to their 
intensity and resolution on the gel. Figure 1 shows the electropherogram and identified marker 
bands. 
  
Figure 1. A fraction of the electropherogram of the original inbred ZPL4 with designated protein marker 
bands  
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The verification of newly developed genotypes was done according to the 
presence/absence of protein marker bands, that is, congruence of protein profiles of original 
inbreds with their counterparts. It was determined that protein profiles of CMS and Rf variants of 
the inbreds ZPL1, ZPL3, ZPL4, ZPL6 and ZPL7 were identical to original inbreds (Figure 2).  
 
 
 
Figure 2. Electropherogram of the original inbred ZPL6 (a) with its CMS-S (b), CMS-C (c), RfS (d) and RfC 
(e) variants 
 
The comparison of electropherograms of the original inbred ZPL2 with its CMS and Rf 
variants showed that RfC variant differed according to the presence/absence of protein marker 
bands from both the original inbred and its remaining CMS and Rf counterparts. The number of 
marker bands by which this variant differed from remaining ones and the original inbred amounted 
to eight. On the other hand, the analysis of protein profiles of the inbred ZPL5 showed that its RfC 
variant differed from remaining CMS and Rf variants and the original line in three protein bands.  
The comparisons of grain yield of original and converted inbreds were performed in this 
study. The estimation of significance of differences between average values was done by LSD test 
at the 0.05 and 0.01 level (Table 1). The highest yields across all the seven studied inbred lines for 
both significance levels were detected in variants with C and S cytoplasm (5.303 and 5.197 t ha-1, 
respectively), while the lowest yield of 4.662 t ha-1 was estimated for the variants of RfS type. 
 
 
Table 1. Least significance difference test for the average grain yield across the five locations  
Rank Type Value 0.05 0.01 
1 CMS-C 5.303 A1 A1 
2 CMS-S 5.197 A A 
3 N 4.878 B B 
4 RfC 4.850 B B 
5 RfS 4.662 C C 
  LSD 0.1283 0.2230 
1 - valued that have no letter in common are statistically different at the given level of significance  
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Table 2 presents results of t-tests for grain yield among different variants of the same 
inbred. Only results with statistically significant differences are presented. Grain yield was 
significantly higher for CMS-C type of the inbred ZPL1 than for the RfS variant of the same 
inbred. For the inbred ZPL2, the significantly lower yield was detected in the variant with normal 
cytoplasm than in the RfC and S-type. Moreover, N, CMS-C, RfC and CMS-S versions of the 
inbred ZPL2 had significantly higher yields than those gained in its RfS version. Differences 
among grain yields between various versions of the inbred ZPL3 were not established. 
Significantly higher yields were recorded in CMS-C, CMS-S and RfS versions of the inbred ZPL4 
in comparison to the N version, while yields detected in CMS-C and CMS-S types were 
significantly higher than the yield of the RfC version. For inbred ZPL5 CMS-C and CMS-S 
variant had significantly higher yield than the original, while CMS-C version was superior both 
over RfC and RfS variant. Finally, CMS-S variant was superior in comparison with RfC. 
Additionally, yields recorded in the CMS-C type of the inbred ZPL6 were significantly higher than 
those detected in N and RfS versions of the same inbred. Grain yield of the CMS-C type of the 
inbred ZPL7 was significantly higher than yields determined in RfC and RfS versions of the same 
inbred, while yields recorded for N and CMS-S variants were higher than that recorded for RfC 
counterpart.  
 
Table 2. t-test for grain yield among different variants of the same inbred line  
Inbred Type </> Type t-test signif. 
ZPL1 CMS-C > RfS * 
ZPL2 N < RfC * 
ZPL2 N < CMS-S * 
ZPL2 N > RfS ** 
ZPL2 CMS-C > RfS * 
ZPL2 RfC > RfS ** 
ZPL2 CMS-S > RfS ** 
ZPL4 N < CMS-C ** 
ZPL4 N < CMS-S ** 
ZPL4 N < RfS * 
ZPL4 CMS-C > RfC * 
ZPL4 RfC < CMS-S * 
ZPL5 N < CMS-C ** 
ZPL5 N < CMS-S ** 
ZPL5 CMS-C > RfC ** 
ZPL5 CMS-C > RfS ** 
ZPL5 RfC < CMS-S * 
ZPL6 N < CMS-C * 
ZPL6 CMS-C > RfS ** 
ZPL7 N > RfC ** 
ZPL7 CMS-C > RfC ** 
ZPL7 CMS-C > RfS * 
ZPL7 RfC < CMS-S ** 
*,** - statistically significant at 0.05 and 0.01 level, respectively  
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DISCUSSION 
The application of isoelectric focusing has not yet been used for the verification of 
conversion of maize original lines to CMS and/or Rf inbreds, hence the use of these markers in 
future could be used as a rapid and efficient tool to compare original and converted inbreds. 
Therefore, these markers can provide information on whether the conversion process has been 
done well and completely and whether out-pollination of converted inbreds has been occurred. 
Furthermore, the DNA technique based on PCR is characterized by high cost and a complex 
experimental procedure, which is currently hard to apply in a large-scale and commercial seed 
quality testing. According to the results obtained by use of protein markers, the conversion process 
of almost all inbreds in our research has been done completely. Only results that did not concur on 
banding patterns were those obtained for original inbreds and inbreds ZPL2 RfC and ZPL5 RfC. It 
can be stated that these two inbreds have not been converted completely and that some more 
backcrosses are necessary to complete their conversion. Additionally, ZPL2 RfC variant had 
significantly higher grain yield than its original version, that can be due to the residual 
heterozygosis of the RfC version detected by IEF. On the other hand, this was not the case with 
ZPL5.  
The effect of CMS on grain yield is expected to be positive due to lower consumption of 
energy and nutrients caused by the absence of pollen formation. In our research inbreds with C and 
S type cytoplasm over yielded inbreds with N cytoplasm, as well as RfC and RfS versions. Our 
results are in accordance with the results of previous studies conducted with T, S and C type 
cytoplasm (BRUCE et al,. 1966; DUVICK (1972)). More recent studies conducted by STAMP et al., 
(2000) on newly developed hybrids showed significant positive effects of CMS on grain yield 
under different environmental conditions. WEINGARTNER et al., (2002) and KAESER et al., (2003), 
also proved a positive effect of CMS on grain yield. On the other hand, investigation of BOZINOVIC 
et al. (2015) did not show positive effect of CMS on grain yield. MUNSCH et al. (2009) determined 
both positive and negative CMS effects on grain yield.  
In all the five environment in our research neither inbred line showed the late break of 
sterility nor in the CMS-C nor in the CMS-S type. On the other hand, WEIDER et al., (2009) in a 
comprehensive study reported the highest stability of CMS-T type across 17 environments in two 
years of testing. CMS-S type exposed the least stability in their investigation.  
The comparison of C and S type with N-type showed that these two types of sterility 
positively affected grain yield. The comparison of C type with S type indicated that C type was 
superior in grain yield. Due to this, it can be concluded that C type is somewhat more suitable for 
seed production, which has been confirmed by previous studies of DUVICK (1972), COCHRAN 
(1975) and JOSEPHSON et al., (1978). They have showed that CMS-C type was more suitable for 
hybrid seed production than CMS-S type, but less suitable than CMS-T type. A lot of significant 
differences in grain yield among different variants of the same inbred proven by the t-tests in our 
research pointed out to pleiotropic effects of CMS and/or Rf genes or to their interactions with the 
environment.  
It is observable that many studies on CMS effects on grain yield were conducted until 
1970s. Subsequently, studies within this field have been slack, because the T-type cytoplasm have 
expressed its intolerance to pathogens and diseases. Not earlier than 2000 had we any information 
on CMS effects on hybrid yield (STAMP et al., 2000). In recent decades, genetics has provided 
significant improvements in relation to genetic potential of grain yield in maize (RUSSELL, 1991; 
DUVICK, 2005). Therefore, the CMS effects on grain yield of new modern hybrids should be re-
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examined. Results of the present study indicate that inbreds with C type cytoplasm over yielded 
remaining variants, including inbreds with S type cytoplasm, so C-type would be preferable for 
hybrid seed production of modern maize hybrids. 
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Izvod 
U ovom radu ispitivano je sedam inbred linija kukuruza različitog porekla i dužine vegetacije 
(FAO 300-500). Svaka od linija je ispitivana u pet varijanti:  
1. Originalna linija (N) 
2. CMS-C 
3. Rf-C 
4. CMS-S, i 
5. Rf-S 
Prevođenje na sterilne i restorer verzije linija je vršeno u Institutu za kukuruz “Zemun Polje” 
konverzijom linija sa normalnom citoplazmom. Cilj ovog istraživanja je bio poređenje prinosa 
zrna originalnih linija i njihovih CMS i Rf varijanti. Nadalje, ideja je bila da se primeni tehnika 
IEF (Izoelektričnog fokusiranja) kako bi se ustanovilo da li je prevođenje originalnih linija 
urađeno kako treba i do kraja. Na osnovu rezultata dobijenih čitanjem proteinskih traka 
ustanovljeno je da je proces prevođenja skoro svih linija urađen kako treba. Jedino prevođenje 
originalnih linija ZPL2 i ZPL5 nije do kraja urađeno na njihove RfC verzije. Važno je napomenuti 
i to da je tip citoplazme imao veoma značajan uticaj na prinos zrna. Pokazalo se da linije sa C i S 
tipom citoplazme daju viši prinos nego njihovi N, RfC i RfS analozi. 
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